OBJECTIVE: A regulatory increase in energy expenditure, induced by excess intake of palatable food (cafeteria diet), is well documented. It has also been shown that excess feeding by gastric intubation, fails to enhance thermogenesis, suggesting that the palatability of the food could have a role in producing this regulatory response. A study was planned to ®nd out if a palatable diet pair-fed with standard laboratory chow would produce diet-induced thermogenesis (DIT) and if the brown adipose tissue (BAT) was involved in this process. DESIGN: Body weight gain, BAT activity and body temperature response to norepinephrine were measured in rats fed for 40 d either the standard laboratory pellets (control), a palatable high carbohydrate diet fed ad libitum and the same palatable diet but fed in restricted amounts to match the intake of the control group. RESULTS: It was found that palatable food either fed ad libitum or pair-fed, increased DIT and reduced food ef®ciency (which is the body weight gain per 100 kj of food consumed). These responses were paralleled by increased BAT activity and enhanced response to noradrenaline. Since the DIT with pair-feeding was proportionally as large as with excess intake of the same food in the group fed ad libitum, it is concluded that the palatability of the food, rather than the excess intake per se, is responsible for the increased thermogenesis. CONCLUSIONS: DIT was observed when palatable food was fed either ad libitum or in restricted amounts. It is suggested that the palatability of the diet rather than the quantity or composition of the ingested food is responsible for the DIT. It is also proposed that the excess energy expenditure due to sensory stimulation induced by palatable food, is directly related to an enhanced sympathetic activity which stimulates the BAT thermogenic capacity.
Introduction
When rats are fed a palatable diet, similar to that consumed by humans, 1 daily food intake and total daily energy expenditure are increased. 2 These diets, now currently described as`cafeteria diet', have been shown to stimulate the sympathetic nervous system 2, 3 and the thermogenic activity of the brown adipose tissue. 4 However when rats are overfed by gastric intubation, the diet-induced thermogenesis fails to take place. 5, 6 It has been shown that postprandial thermogenesis is also reduced in humans and dogs fed by a gastric tube. 7, 8 This ®nding has been explained by the fact that while normal oral feeding causes both`obligatory' energy expenditure (due to the digestion, absorption and disposal of nutrients) and`regulatory' expenditure (due to sensory stimulations of palatable food), tube feeding only produces the obligatory response. A recent study of humans, con®rms the role of the palatability of food on postprandial thermogenesis. Indeed it has been shown that repeated sham feedings (that is when the food is chewed and spat out without being swallowed) cause an even larger increase in thermogenesis during the cephalic phase, than when the same food is actually consumed. 9 The present study was aimed at comparing body weight gain and brown adipose tissue (BAT) activity in rats fed for 40 d either the standard laboratory pellets, a palatable diet fed ad libitum and the same diet but fed in restricted amounts adjusted to that consumed by the control group.
Materials and methods

Protocol
Three groups of eight male rats with initial body weight of 151 g were housed in single cages at 25 C. One group (control) was fed the standard commercial Purina laboratory pellets (Rodent Laboratory Chow No. 5001, Ralston Purina, IN, USA). The second group was fed the palatable diet described below. The third group (pair-fed) was fed the same diet as the second group, but in restricted amounts in order to achieve a daily caloric intake comparable to that of the control group. Body weights were recorded throughout the experiment which lasted 40 d. At four weeks from the beginning of the experiment the animals were injected subcutaneously with 30 mg noradrenaline (NA) per 100 g of body weight. This dose has been shown to signi®cantly increase body temperature and oxygen consumption in cold adapted rats and in rats injected chronically with NA, but not in control animals. Colonic temperatures were measured with a thermocouple before, and 1 h after, the injection, while the animals were kept at 25 C. At the end of the experiment, the animals were killed, and the protein and DNA contents of the interscapular brown adipose tissue (BAT) were determined.
Diet composition
The composition of the Purina pellets and the sugar pie are those supplied by the manufacturers. The Purina pellets contained 23.3% protein, 54% carbohydrate and 4.9% fat with gross energy density of 14.9 kj/g wet weight. The sugar pie, a local product composed of a crust made with standard ingredients (¯our, shortening, butter and water), was covered with a consistent ®lling made essentially of brown sugar and milk. It contained 10% protein, 71% carbohydrate and 6% fat with gross energy density of 15.5 kj/g. Like humans, rats found the sugar pie very palatable and they consumed it in large quantities when it was fed ad libitum, as in the present study. Every morning, fresh weighed supplies were given to the animals, while the leftovers of the previous day, were collected and weighed. The accuracy of the scale used was to 0.1 g. Before the beginning of the experiment, it was veri®ed that the weight of a portion of laboratory chow and of the sugar pie, did not change signi®cantly after it had been left standing overnight at room temperature. In the ad libitum fed group, the rats consumed 75% of their energy as sugar pie and 25% as laboratory pellets. In the pair-fed group (which was fed the same diet as the ad libitum group, but in restricted amounts), the corresponding values were 50% and 50%. The quantity of food given each day to this latter group, corresponded to the total energy consumed on the previous day by the control group. Due to the palatability of the diet presented to the pair-fed group, the totality of the food with minor exceptions, was consumed each day.
Proteins were determined by the Lowry method 11 and DNA by a¯uorimetric method. 12 Analysis of variance combined with Duncan multiple range tests were used for statistical analysis of results. 13 .
Results
As shown in Figure 1 the caloric intake in the palatable high carbohydrate group was 44% higher than in the control group. In spite of this excess food consumption, the body weight gain was lower than in the control group. In the pair-fed group, the body weight gain was 40% smaller than the control group, in spite of comparable energy intake. The same ®gure shows that the food ef®ciency i.e. the body weight gain per 100 kj consumed, is approximately 50% lower in both the pair-fed and the high carbohydrate group than in the control group. The BAT weight, protein, and DNA content, which are reported in Figure 2 , are all signi®cantly greater (P`0.01) in the two experimental groups compared to the control and these variables are signi®cantly smaller in the pair-fed than in the high carbohydrate group. The changes in body temperature in response to an injection of NA are reported on Figure 3 . No response was found in the control group, while a comparable increase of 1.5±2 C was noted in the two high carbohydrate groups. Figure 1 Caloric intake, body weight (BW) gain and food ef®ciency (BW gain/100 kj) in the various groups described in the text. x signi®cantly different (P`0.01) from the control group and y signi®cant difference (P`0.01) between the high carbohydrate groups fed ad libitum and pair-fed.
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Discussion
This experiment con®rms the large increase in energy intake in rats fed palatable food with high carbohydrate content. The body weight gain in this case was not proportional to that of the control group fed laboratory pellets; the feeding ef®ciency (which is the body weight gain per 100 kj of food consumed), was markedly reduced with excess intake of palatable food. The question may be raised as to whether the enhanced food intake is due to the palatability of the food per se or to the fact that the protein content of the high carbohydrate diet consumed, was somewhat below that of the control group. For that reason it is conceivable, as suggested by Kanarek and MarksKaufman, 14 that the lower protein level of the food, may have contributed to its overconsumption. The palatability of the food may also be proposed. This possibility is supported by a study for 40 d, in which groups of rats were fed a standard diet (control group), a diet containing 50% of the standard diet plus 50% of a meatspread preparation, and the third group, a diet containing 50% of the control diet plus 50% sugar pie. 15 The three groups were pair-fed in order to compare the amounts of calories consumed. In spite of the fact that the protein content of the sugar pie diet was lower than that of the control group, while it was comparable for the meatspread, the body weight gain and the food ef®ciency were signi®cantly lower in both the meatspread and sugar pie groups compared to the control group. In the present investigation, the body weight gain and food ef®ciency were also signi®cantly reduced, suggesting that the composition of the diet and the overconsumption of food per se, could not explain the reduced body weight gain. It was proposed in previous experiments on humans and on rats that palatability of the food was involved in meal-induced thermogenesis. 15, 19, 2020 While the present experiment did not independently manipulate palatability end nutrient factors, it would seem a reasonable hypothesis that palatability was responsible for the reduction of feeding ef®ciency. 
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Food intake depending on the composition and on the size of the meal, produces an overall 15±30% increase in metabolism. 16 Many studies on humans, 17 dogs 8, 18 and rats, 19 have shown that during the ®rst 30±40 min following a meal, a large part of the enhanced thermogenesis is due to sensory stimulations (sight, smell and taste) induced by palatable food (cephalic phase of feeding). This portion of the postprandial thermogenesis is observed when food is tasted without being swallowed (sham-feeding), 8, 17 but fails to take place when food is placed directly into the stomach with a tube (tube-feeding). 7, 20 During the cephalic phase, a marked activation of the sympathetic nervous system has been described with shamfeeding, but not with tube-feeding. 21, 22 Thus, it is proposed that feeding palatable food to rats, which are nibblers, produces repeated postprandial stimulations of the sympathetic nervous system during the 40 d of this experiment. As a result, an activation of the BAT was observed, the same as with cold exposure or repeated daily injections of NA. 8, 23 The enhanced thermogenesis would explain the reduced feed ef®ciency caused by palatable food. This conclusion is supported by the results obtained with NA injections. Indeed the body temperature response to NA was increased as much by palatable food feeding as with cold adaptation or by repeated injections of NA. 10 The action in these three situations would be explained by an enhanced thermogenic activity of the BAT. Studies on humans have also shown that feeding palatable food activates the sympathetic nervous system and stimulates thermogenesis. 10, 22 However, long term studies comparing palatable and non palatable food, have not been reported in humans. The lack of evidence for a signi®cant in¯uence of BAT on thermogenesis in humans, 24 would suggest that the long term effect of palatable food on feed ef®ciency could take place, but not as much as in the rat.
These results suggest that it is possibly the palatability of the food, rather than the composition of the diet or the amount of calories consumed, which produces the diet-induced thermogenesis. It is also proposed that this increased energy expenditure is related to the activation of the BAT induced by sympathetic stimulation.
